A 49-year-old Japanese man with rheumatoid arthritis acutely developed a skin eruption and severe non-productive cough seventeen days after the administration of leflunomide. Because all bacteriology findings were negative, steroid pulse-therapy was initiated promptly due to the rapidity of chest X-ray progression and the deterioration of arterial blood oxygen pressure. Although cough was induced by methotrexate, interstitial pneumonia was not detected clinically before leflunomide administration. He finally died of respiratory failure 128 days after the onset of acute interstitial pneumonia. According to the post-market surveillance, as high as 1.1% of the patients on leflunomide have developed interstitial pneumonia in Japan. It is important to emphasize that acute interstitial pneumonia due to leflunomide is a very severe and potentially fatal side effect.
Introduction
Leflunomide is a newly developed disease-modifying anti-rheumatic drug, which hit the American and European markets in September 1998 and September 1999, respectively (1) . It was finally approved by the Japanese government for the treatment of patients with rheumatoid arthritis in April 2003, 5 years after the United States. As it was approved by bridging successful overseas clinical trials without phase III clinical trials in Japan, the Japanese Ministry of Health required the pharmaceutical company to collect the data from the first 3,000 patients to be given the drug.
In the post-market surveillance, acute interstitial pneumonia probably due to a side effect of leflunomide was reported and the number of such patients is increasing in Japan. Some such patients had a fatal outcome. Acute interstitial pneumonia induced by leflunomide is very serious and brings about a fatal outcome in about 30%.
Case Report
A 49-year-old Japanese male patient developed polyarthritis in February 2003, beginning from his right knee and bilateral wrist joints and it exacerbated to include bilateral ankle joints by July. Morning stiffness lasting more than 1 hour and positive rheumatoid factor in his serum confirmed the diagnosis of rheumatoid arthritis and positive C-reactive protein (CRP) endorsed it. Four mg of methotrexate per week and 4 mg/day of prednisolone were initiated in July. In 2 weeks, the patient experienced non-productive cough and methotrexate was withdrawn. Cough disappeared completely soon after the cessation of methotrexate and his chest X-ray was completely normal at this time. He was placed on 6 mg/ day of prednisolone for two months. Because his polyarthritic symptoms were aggravated, leflunomide was prescribed on September 22, 2003. An initial loading dose of 100 mg was given for three days followed by 20 mg/day thereafter.
He developed nausea and diarrhea as well as skin eruption 17 days after leflunomide administration and it was immediately withdrawn. Fourteen days after leflunomide cessation, he suddenly experienced severe non-productive cough along with fever and his chest X-ray showed reticular shadow in 
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his lower lung fields which had not been detected before ( Fig. 1 ). Oxygen pressure of his arterial blood fell all of a sudden, which necessitated an emergency admission to our hospital. He was 180 cm tall and weighed 75 kg. His blood pressure and pulse-rate were 140/74 mmHg and 80/min regular, respectively. Anemia and jaundice were not detected. Heart sound was normal without any extra-sounds and murmur. Fine crackles were heard over his entire middle and lower lung fields. No abnormal sign was detected in his abdomen. Neurological examination revealed no abnormal findings. Erythematous eruptions with slight exfoliation were detected on his head, auricles, dorsal aspects of his finger joints and elbows. Bilateral wrist and knee joints were swollen.
Laboratory data at the time of admission were summarized in Table 1 . Serum levels of CRP, transaminases, LDH and KL-6 (2) were all elevated. Reticulo-nodular shadow was observed in his lower lung fields of his chest X-ray and computed tomography (CT) showed ground-glass opacity ( Figs. 1 and 2 ). Diffusion capacity was decreased in his respiratory function test. Nothing particular was detected on electrocardiogram, echocardiogram, abdominal echogram, and fiberscopic examinations of his upper and lower gastrointestinal tracts. Bacteriology examinations including -Dglucan (3) were all negative.
He was diagnosed with acute interstitial pneumonia induced by leflunomide and pulse glucocorticoid therapy was started with 1 g/day of methylprednisolone for 3 days followed by 60 mg/day of prednisolone. Cyclosporine was added to prednisolone; it induced liver damage and needed to be withdrawn.
Because the serum level of leflunomide was as high as 1.6 g/ml on the 5th day of admission (on the 24th day after leflunomide-withdrawal), cholestyramine was administered per os. Although the serum level of leflunomide was lowered to 0.08 g/ml on the 38th day of the withdrawal, the serum KL-6 level increased from 676 U/ml to 1,330 U/ml and reticulonodular shadow of his chest X-ray and ground-glass opacity in his chest CT deteriorated steadily (Fig. 3) . Pulse glucocorticoid therapy was started once again without any beneficial effects. Serum levels of -D-glucan were measured repeatedly and were found to be abnormally high on the 17th day of admission for the first time and polymerase chain reaction for Pneumocystis carinii was also found to be positive. Although sulfamethoxazole-trimethoprim compound was prescribed for treatment of Pneumocystis carinii pneumonia, due to adverse reactions to kidney and liver function it was withdrawn. His condition continued to deteriorate. He finally died of respiratory failure 128 days after the onset of acute interstitial pneumonia. The entire clinical course is shown in Fig. 4 .
Discussion
His previous chest X-rays taken at the annual check-up did not show any signs indicative of interstitial pneumonia. Cough was induced by methotrexate; interstitial pneumonia was not detected clinically before leflunomide administration. Severe non-productive cough along with fever which appeared immediately after leflunomide administration highly indicated that the cause of his interstitial pneumonia could be an adverse reaction of leflunomide. No evidence of infectious etiology including serum -D-glucan would endorse the above-mentioned etiopathogenesis.
In this case, interstitial pneumonia continued deteriorating even after the serum concentration of leflunomide was decreased by cholestyramine. All the bacterial examinations including the serum level of -D-glucan were negative on admission indicating that infectious etiology as an instigating factor for his acute interstitial pneumonia was the least possibility.
Interstitial pneumonia as an adverse reaction of leflunomide is rare and the incidence of such cases is reported to be 0.02% in Western countries. In both the phase II clinical trial with 256 patients enrolled and the long-term clinical trials with 110 patients, no such cases were reported in Japan. The Japanese government approved the use of leflunomide on the condition that all the patients be registered and any adverse reactions be reported. Therefore, the record in the post-market surveillance in Japan could be higher in accuracy in terms of adverse reactions. According to the website of the company (http://www.aventis.co.jp/arava/aravad/), 45 cases ( 1.1%) developed acute interstitial pneumonia The discrepancy in the incidence of this adverse reaction between Japan and other countries can not be explained to date. Unlike methotrexate, interstitial pneumonia as an adverse reaction of leflunomide was not emphasized because of its low frequency. We did not have a biological agent before leflunomide hit the Japanese market. We might have jumped into leflunomide for the treatment of rheumatoid arthritis patients regardless of the concomitant rheumatoid lung disease. We need to scrutinize all the cases of acute interstitial pneumonia for pre-existing rheumatoid lung disease or other predisposing factors. Although we do not have concrete evidence that leflunomide was the real culprit of the acute interstitial pneumonia and the resultant death, we think it is highly probable. 
